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TWO-STAGE PROJECTOR ARCHITECTURE 

CROSS-REFERENCE TO RELATED APPLICATIONS 
This application claims the benefit of U.S. Provisional Patent Application Serial No. 
60/430,997 (Atty. Docket No. PU020471), entifled *TWO-STAGE PROJECTOR 
ARCHTIECHTURE", filed December 4, 2002, which are incorporated by reference herein in 
its entirety. 

This application also claims the benefit of U. S. Provisional Patent Application Serial 
No. 60/430,819 (Attn. Docket No. PU020475), entifled "QUAD-TO-QUAD RELAY 
SYSTEM" which are incorporated by reference herein in its entirety. 

Field of the Invention 

The present invention relates to a display system having a two-stage projector 
architecture. 

Background 

Liquid crystal displays (LCDs), and particularly liquid crystal on silicon (LCOS) 
systems using a reflective light engine or imager, are becoming increasingly prevalent in 
imaging devices such as rear projection television (RPTV). Iq an LCOS system, projected 
light is polarized by a polarizing beam splitter (PBS) and dkected onto a LCOS imager or 
lig^t engine comprising a matrix of pixels. Throughout this specification, and consistent with 
the practice of the relevant art, the term pixel is used to designate a small area or dot of an 
image, the corresponding portion of a light transmission, and the portion of an imager 
producing that light transmission. 

Each pixel of the imager modulates the light incident on it according to a gray-scale 
factor input to the imager or light engine to form a matrix of discretfe modulated light signals 
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or pixels. The matrix of modulated light signals is reflected or output from the imager and 
directed to a system of projection lenses which project the modulated light onto a display 
screen, combining the pixels of light to form a viewable image. In this system, the gray-scale 
variation from pixel to pixel is limited by the number of bits used to process the image signal. 
5 The contrast ratio from bright state (i.e., maximum light) to dark state (minimum light) is 
limited by the leakage of light in the imager. 

One of the major disadvantages of existing LCOS systems is the difficulty in reducing 
the amount of light in die dark state, and the resulting difficulty in providing outstanding 
contrast ratios. This is, in part, due to the leakage of light, inherent in LCOS systems. 
10 In addition, since the input is a fixed nimiber of bits (e.g., 8, 10, etc.), which must 

describe the full scale of light, there tend to be very few bits available to describe subtle 
differences in darker areas of the picture. This can lead to contouring artifacts. 

One approach to enhance contrast in LCOS in the dark state is to use a 
COLORSWirCH™ or similar device to scale the entire picture based upon the maximum 
IS value in that parficular frame. This improves some pictures, but does little for pictures that 
contain high and low light levels. Other attempts to solve the problem have been directed to 
making better imagers, etc. but these are at best incremental improvements. 

What is needed is a projection system that enhances the contrast ratio for video 
imiages, particularly in the dark state, and reduces contouring artifacts. 

20 

SnnimarY 

The present invention provides a projection system that provides improved contrast 
and contouring of a light signal on a pixel-by-pixel basis using a two-stage projection 
architecture, thus improving all video pictures. In an exemplary embodiment of the present 
25 invention, this projection system includes a first imager configured to modulate a light band 
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on a pixel-by-pixel basis proportional to gray scale values provided for each pixel of the 
image to provide a first output matrix. A second imager is positioned and configured to 
receive the first output matrix of modulated pbcels of light and modulate the individual 
modulated pixels of light from said first ixnager on a pixel-by-pixel basis proportional to a 
5 second gray scale value provided for each pixel of the image. Each pixel of the second 
imager provides a light output of intensity proportional to a modulated light output of a 
corresponding pixel in the first imager and a selected gray scale value for that pixel in the 
second imager. 

10 Brief Description of the Drawings 

The invention will now be described with reference to accompanying figures of which: 
Figure 1 shows a block diagram of an LCOS projection system with a two-stage 
projection architecture according to an exemplary embodiment of the present invention; 

Figure 2 shows an exemplary lens relay system for the projection system of Figure 1; 
IS Figure 3 shows light leakage in the projection system of Figure 1; 

Figure 4 shows a block diagram of an LCOS projection system with a two-stage, 
projection architecture according to an alternative exemplary embodiment of the invention; 
Figure 5 shows an exemplary relay lens system for the projection system of Figure 4, 
Figure 6 shows the calculated ensquared energy for the relay lens system of Figure 5; 

20 and 

Figure 7 shows the distortion due to field curvature for the relay lens system of Figure 

5. 
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Detailed Description of the Preferred Embodiment 
The present invention provides a projection system, such as for a television display, 
with enhanced contrast ratio and reduced contouring. In au exemplary LCOS system, 
illustrated in Figure 1, white light 1 is generated by a lamp 10, Lamp 10 may be any lamp 
suitable for use in an LCOS system. For example a short-arc mercury lamp may be used. The 
white light 1 enters an integrator 20, which dkects a telecentric beam of white light 1 toward 
the projection system 30. The white light 1 is then separated into its component red, green, 
and blue (RGB) bands of light 2. The RGB light 2 may be separated by dichroic mirrors (not 
shown) and directed into separate red, green, and blue projection systems 30 for modulation. 
The modulated RGB light 2 is then recombined by a prism assembly (not shown) and 
projected by a projection lens assembly 40 onto a display screen (not shown). 

Alternatively, the white light 1 may be separated into RGB bands of light 2 m flie time 
domain, for example, by a color wheel (not shown), and thus directed one-at-a-time into a 
single LCOS projection system 30. 

An exemplary LCOS projection system 30 is illustrated in Figure 1, using a two-sts^e 
projection architecture according to the present invention. The monochromatic RGB bands of 
light 2 are sequentially modulated by two different imagers 50, 60 on a pixel-by-pixel basis. 
The RGB bands of light 2 comprise a p-polarized component 3 and an s-polarized component 
4 (shown in Figure 3). These RGB bands of light 2 enter a first surface 7 la of a first PBS 71 
and are polarized by a polarizing surface 71p witiiin the first PBS 71. The polarizing surface 
71p allows the p-polarized component 3 of the RGB bands of light 2 to pass through the first 
PBS 71 to a second surface 71b, while reflecting the s-polarized component at an angle, away 
from the projection patii where it passes out of first PBS 71 through fourth surface 71d. A 
first imager 50 is disposed beyond the second surface 71b of the first PBS 71 opposite the first 
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face 71a, where the RGB bands of light enter first PBS 71, The p-polarized component 3, 
which passes through the PBS 71, is therefore incident on the first imager 50. 

In the exemplary embodiment, illustrated in Figure 2, first imager 50 is an LCOS 
imager comprising a matrix of polarized liquid crystals corresponding to the pixels of the 

5 display image (not shown). These crystals transmit light according to their orientation, which 
in turn varies with the strength of an electric field created by a signal provided to the first 
imager 50. The imager pixels modulate the p-polarized light 3 on a pixel-by-pixel basis 
proportional to a gray scale value provided to the first imager 50 for each individual pixel. As 
a result of tiie modulation of individual pixels, the first imager 50 provides a first light matrix 

10 5, comprismg a matrix of pixels or discreet dots of light. First light matrix 5 is an output of 
modulated s-polarized light reflected from the fixst imager 50 back through second surface 
71b of first PBS 71, where it is reflected by a polarizing surface 71p at an angle out of the first 
PBS 71 through a tWrd surface 71c. Each pixel of the first light matrix 5 has an intensity or 
luminance proportional to the individual gray scale value provided for that pixel in first 

15 imager 50. 

The first light matrix 5 of s-polarized light is reflected by the PBS 71 through a relay 
lens system 80, which provides 1-to-l transmission of the first light matrix 5. In an 
exemplary embodiment, illustrated in Fig. 2, relay lens system 80 comprises a series of 
aspherical and acromatic lenses configured to provide low distortion of the image being 
20 transmitted with a magnification of 1 , so that the output of each pixel in the first imager 50 is 
projected onto a corresponding pixel of the second imager 60. 

As shown in Fig. 2, exemplary relay lens system 80 comprises a first aspheric lens 81 
and a first acromatic lens 82 between the first PBS 7 1 and the focal point of the lens system or 
system stop 83. Between the system stop 83 and the second imager 72, lens system 80 
25 comprises a second acromatic lens 84 and a second aspheric lens 85. First aspheric lens 81 
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has a first surface 81a and second surface 81b which bend the diverging light pattern from the 
first PBS 71 into a light pattern converging toward the optical axis of lens system 80. First 
acromatic lens 82 has a first surface 82a, a second surface 82b, and a third surface 82c, which 
focus the converging light pattern fcom the first aspheric lens 81 onto the system stop 83- At 
5 the system stop 83, the light pattern inverts and diverges. The second acromatic lens 84, 
which has a first surface 84a, a second surface 84b, and a third surface 84c, is a mirror image 
of first acromatic lens 82 (i.e., the same lens turned backward such that first surface 84a of 
second acromatic lens 84 is equivalent to third surface 82c of first acromatic lens 82 and third 
surface 84c of second acromatic lens 84 is equivalent to first surface 82a of fibrst acromatic 
10 lens 82), The surfaces 84a, 84b, and 84c of second acromatic lens 84 distribute the diverging 
light pattern onto the second aspherical lens 85. The second aspherical lens 85, which has a 
first surface 85a and a second surface 85b, is a mirror image of the first aspherical lens 81* 
Surfaces 85a and 85b bend the light pattern to converge to form an inverted unage on the 
second imager 72 that has a one-to-one correspondence to the object or matrix of pixels from 
15 the first imager 50. The surfaces of relay lens system 80 are configured to work with the 
imagers 50, 60 and PBS*s 71, 72 to achieve the one-to-one correspondence of the pixels of 
first imager 50 and second imager 60. A summary of the surfaces of an exemplary two-stage 
projection system 30 are provided in Table 1, and aspheric coefficients for surfaces 81a, 81b, 
85a, and 85b are provided in Table 2. Various modifications can be made to this exemplary 
20 projection system based on such factors as: cost, size, luminance levels, and other design 
factors. In relay lens system 80 acromatic lenses 82 and 84 are equivalent and aspherical 
lenses 81 and 85 are equivalent. Therefore, fewer unique parts are required providing 
manufacturing efficiencies and reduced cost. 



25 
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TABLE 1 (dimensions in millimeters) 



Devic 
e 


surface 


type 


Radius 


tbickness 


glass 


diameter 


conic 


50 


object 


std 


Lifinity 


11.25436 






0 


71 


2nd (7 lb) 


std 


Infinity 


28 


SF2 


24.07539 


0 


71 


3id(71c) 


std 


Infinity 


11.44304 




29.59782 


0 


81 


1st (81a) 


evenasph 


45.72373 


11.60359 


BAK2 


40 


-0.941321 


81 


2nd (81b) 


evenasph 


-29.74398 


1.061985 




40 


-2.300802 


82 


1st (82a) 


std 


16.45201 


9.507266 


BAK2 


28 


-0.003454099 


82 


2nd (82b) 


std 


696.8212 


6.993905 


SF15 


28 


0 


82 


3rd (82c) 


std 


10.75055 


6.389217 




14 


0 


83 


stop 

It 


std 


Infinity 


6.389217 




10.09268 


0 


84 


1st (84a) 


std 


-10.75055 


6.993905 


SF15 


14 


0 


84 


2nd (84b) 


std 


-696.8212 


9.507266 


BAK2 


28 


0 


84 


3rd (84c) 


std 


-16,45201 


1.061985 




28 


-0.003454099 


85 


1st (85a) 


evenasph 


29.74398 


11.60359 


BAK2 


40 


-2.300802 


85 


2nd (85b) 


evenasph 


-45.72373 


11.44304 




40 


-0.941321 


72 


1st (72a) 


std 


Infinity 


28 


SF2 


31.9247 


0 


72 


2nd (72b) 


std 


Infinity 


11.25436 




25.06428 


0 


60 


image 


std 


Infinity 






20.44114 


0 
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TABLE 2 



coefficient on: 


surfaces 81a, 8Sb 


surfaces 81b, 85a 




-2.5672672e-005 


-2.5672139e-C05 




-3.6464646e-007 


-4.6458644e-007 


r« 


-l,3360629e-009 


-5.3232556e-010 


r» 


2.2079531©X)12 


9.3458426e-013 




4.02743126-019 


-2.9875722e-019 




3.2408025e-022 


8.6192792e-022 




-4.2302691e-024 


5.022829e-024 




-1.3350251e-026 


1.9281194e-026 



After the first light matrix 5 leaves the relay lens system 80, it enters into a second 
PBS 72 through a first surface 72a. Second PBS 72 has a polarizing surface 72p that reflects 
5 the s-polarized first light matrix 5 through a second surface 72b onto a second inwger 60. In 
the exemplary embodiment, illustrated in Figure 2, second imager 60 is an LCOS imager 
which modulates the previously modulated first light matrix 5 on a pixel-by-pixel basis 
proportional to a gray scale value provided to the second imager 60 for each individual pixel. 
The pixels of the second imager 60 correspond on a one-to-one basis with the pixels of the 
10 first imager 50 and with the pixels of the display image. Thus, the mput of a particular pixel 
(i j) to the second imager 60 is the oulput fix)m corresponding pixel (i j) of the first imager 50. 

The second imager 60 then produces an output matrix 6 of p-polarized light. Each 
pixel of light in the output matrix 6 is modulated in intensity by a gray scale value provided to 
the imager for that pixel of the second imager 60. Thus a specific pixel of the output matrix 6 
15 (i j) would have an intensity proportional to both the gray scale value for its corresponding 
pixel (io)i in the first imager and its correspondmg pixel (i j)2 in the second imager 60. 
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The light output L of a particular pixel (i j) is given by the product of the light incident 
on the given pixel of first imager 50, the gray scale value selected for the given pixel at first 
imager SO, and the gray scale value selected at second imager 60: 

L=L0xGlxG2 

LO is a constant for a given pixel (being a function of the lamp 10, and the illumination 
system.) Thus, the light output L is actually determmed primarily by the gray scale values 
selected for this pixel on each imager 50, 60. For example, normalizing the gray scales to 1 
maximum and assmning each imager has a very modest contrast ratio of 200: 1, then the bright 
state of a pixel (i j) is 1 , and the dark state of pixel (i j) is 1/200 (not zero, because of leakage). 
Thus, the two stage projector architecture has a luminance range of 40,000:1. 

Lmax= l-x 1 = 1; 
Lmin = .005 x .005 = .000025 
The luminance range defined by these limits gives a contrast ratio of 17.000025:1, or 
40,000: 1. Importantly, the dark state luminance for the exemplary two-stage projector 
architecture would be only a f ortyrtliousandth of flie luminance of the brigjit state, rather than 
one two-hundredth of the bright state if the hypothetical imager were used in an existing 
single imager architecture. As will be understood by those skilled in the art, an imager with a 
lower contrast ratio can be provided for a considerably lower cost than an imager with a 
higher contrast ratio. Thus, a two-stage projection system using two imagers with a contrast 
ratio of 200:1 will provide a contrast ratio of 40,000:1, while a single-stage projection system 
using a much more expensive imager with a 500: 1 ratio will only provide a 500: 1 contrast. 
Also, a two-stage projection system with one inoager having a 500: 1 contrast ratio and an 
inexpensive imager with a 200:1 ratio will have a system contrast ratio of 100,000:1. 
Accordingly, a cost/performance trade-off can be performed to create an optimum projection 
system. 
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Output matrix 6 enters the second PBS 72 through second surface 72b, and smce it 
comprises p-polaxized light, it passes through polarizing surface 72p and out of the second 
PBS 72 through third surface 72c. After output matrix 6 leaves the second PBS 72, it enters 
the projection lens assembly 40, which projects a display image 7 onto a screen (not shown) 
for viewing. 

Figure 3 illustrates the reduced leakage of the two-stage projector architecture of the 
present invention. As described above, the polarizing surface 71p of first PBS 71 transmits p- 
polarized light 3, which leaves the first PBS through the second surface 71b. The polarizing 
surface 71p of first PBS 71 reflects s-polarized light 4 through the fourth surface 7 Id. Even 
the best PBS will have some leakage, however, and a very small portion of s-polarized light, 
first leakage 4', will be transmitted or leak through the polarizing surface 71p of first PBS 71 
and out second surface 71b to first imager 50. Most of the first leakage 4' will be inverted by 
fixst imager 50 to p-polarized light and pass through polarizing surface 71p and out fij:st 
surface 71a of first PBS 71 toward light 10. Similarly, a small portion of p-polarized light 3 
will be reflected by first imager 50, as p-polarized second leakage 3' . Since second leakage 3' 
is p-polarized light, most of it will pass back through the polarizing surface 7 Ip of first PBS 
71 and out first surface 7 la toward li^t 10. 

A small portion of p-polarized first leakage 3' and p-polarized second leakage 4* ' will 
be reflected by polarizing surface 71p of PBS 1 toward second PBS 72 as fourth leakage 3", 
4"\ Most of this third leakage 3'*, 4'" wiU pass through the polarizing surface 72p of second 
PBS 72 and away from the image path through fourth surface 72d, because it is p-polarized 
li^t. A small portion of thud leakage 3' 4* " will be reflected onto second imager 60 as 
fourth leakage 3''',4''*\ Most of the fourth leakage 3*",4'''' will be inverted to s-polarized 
light and get reflected back toward first PBS 71. As one skilled in the art will appreciate, each 
subsequent time that a light leakage through a PBS or reflection is transmitted through a PBS 
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71, 72, most of the light leakage is diverted from the image path, such that only a portion of 
the previous portion continues along the image patk Thus, each time a light signal passes 
through a PBS, inverted polarized leakage is reduced. 

As with the PBS, no imager is perfect, and a small portion of light will be reflected as 
5 s-polarized fifth leakage 8 by pixels of the first imager 50 with a gray scale value set to the 
dark state. In sharp contrast to the p-polarized fourth leakage, most of the s-polarized fifth 
leakage 8 will be reflected by polarizing surface 71p and polarizing surface 72p onto second 
imager 60, because it has the same polarization as first light matrix S. When the 
corresponding pixel of the second imager 60 is set to the dark state, the fifth leakage 8 is 
10 ftirther reduced by the contrast ratio of second imager 60 as described above, reducing the 
light in ttie dark state to sixth leakage 8* and enhancing the contrast ratio. 

Additional light leakage 9 occurs at the second imager 60. This additional light 
leakage 9, however is from the first light matrix 5, previously modulated by fbrst imager 71, 
and would therefore be a portion of a much smaller light signal than the RGB bands 3 incident 
15 on the first imager 7 1 . Accordingly, the two-stage projection architecture of the present 

invention reduces leakage, both through additional polarized filtering and through cumulative 
contrast ratios of serial imagers SO, 60. 

Another advantage of the two-stage projector system according to the present 
invention is that a larger number of bits are available to describe subtle differences in shading 
20 in darker areas of the image, reducing contouring. For example, if eight bits are used to 

produce a gray scale value for each pixel of an imager, then 2^ or 2S6 shades of gray can be 
defined. Because two imagers SO, 60 modulate the same pixel of an image sequentially in the 
present invention, however, 2^^ or 65,536 shades of gray can be defined. Thus contouring can 
be greatly reduced. 
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In an alternative embodiment of the invention, as shown in Figures 4 and 5, a two 
stage projection system comprises a first stage 100 having three first stage imagers 150R, 
150B and 150G for modulating red, green, and blue light, respectively, on as pixel- by-pixel 
basis. Each first stage imager 150R, 150B, 150G provides a matrix of modulated 
5 monochromatic light pixels 15 IP, The fist stage imagers rotate the polarization of the light so 
that the output matrices 15 IP are p-polarized light. In the illustrated embodiment, the first 
stage 100 is configured in a COLORQUAD™ architecture, wherein four color-selective beam 
splitters 120 are abutted to form a square pattern and arranged such that they selectively pass 
or reflect various colors of light so that each color of light entering the fiurst stage 100 is 
10 directed to a different first stage imager 150R, 150B, 1500. The COLORQUAD™ 

architecture dkects only red ligjit to the red imager 150R, only blue light to the blue imager 
150B, and only green tight to the green imager 150G. The COLORQUAD™ architecture 
then directs the three matrices 15 IP of modulated monochromatic light pixels out of the first 
stage 100 toward a second stage 200. It should be noted that the various colors of light each 
IS travel the same distance in the first stage 100. Thus tiie three colors can be modulated and 
projected simultaneously. 

The embodiment illustrated in Figure 4, also comprises a second stage 160 having 
three second stage imagers 160R, 160B, 160G arranged in a COLORQUAD™ architecture, 
which again divides light into three different colors: red, blue and green and directs them to 
20 the three second stage imagers 160R, 160B, 160G. Hie second stage imagers 160R, 160B, 
160G modulate light output from the first stage imiagers 150R, 150B, 150G on as pixel- by- 
pixel basis, to form twice modulated matrices of monochronoiatic light pixels 201. These 
twice modulated matrices of monochromatic light pixels 201are directed by the 
COLORQUAD™ architecture into a projection lens system (not shown) which projects them 
25 onto a screen (not shown) to form a viewable color image. 
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An alterative exemplary relay lens system 380 is disposed between the first stage 150 
and the second stage 160 to project the output of the pixels of the first stage imagers 150R, 
150B, 150G onto corresponding pixels of the second stage imagers 160R, 160b, 160G, such 
that a particular pixel of the output of the second stage will comprise a red pixel, a blue pixel 
S and a green pixel, each being modulated twice (once by a first stage imager ISOR, ISOB, 
ISOG and once by a corresponding second stage imager 160R, 160B, 160G). 

The COLORQUAD^ architecture should receive only s-polarized light 
Accordingly, s-polarixed light 101 is introduced into the first stage 100, where the s-polarized 
light 101 is divided into three colors which are individually and simultaneously modulated by 
10 the three imagers 150R, 150B, and 150G. Since the COLORQUAD™ architecture of the 
second stage 200 should receive s-polarized input, and the matrices of modulated 
monochromatic pixels of light 151 from the first stage 100 is p-polarized light, the 
polarization must be rotated between the first stage 100 and the second stage 200. 
Accordingly, a half-wave plate 383 is disposed between the first stage 100 and the second 
15 stage 200 in the embodiment illustrated in Figures 4 and 5. The most effective location for 
the half-wave plate 383 is at the aperture or lens stop of the relay lens system. 

As shown in Fig. 5, tiie alternate exemplary relay lens system 380 comprises a first 
aspheric lens 381 and a first acromatic lens 382 between the first stage 100 and the lens stop 
or system stop. Between the system stop and the second stage 200, the alternative exemplary 
20 lens sj^tem 380 comprises a second acromatic lens 384 and a second aspheric lens 385. First 
aspheric lens 381 has a first surface 381a and second surface 381b which bend the diverging 
light pattem from the first stage 100 into a light pattern converging toward the optical axis of 
lens system 380. First acromatic lens 382 has a first surface 382a, a second surface 382b, and 
a third surface 382c, which focus the converging li^t pattem from the first aspheric lens 381 
25 onto the system stop. At the system stop, the light pattem inverts and diverges. The second 
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acromatic lens 384, which has a first surface 384a, a second surface 384b, and a third surface 
384c, has the same configuration but an opposite orientation of first acromatic lens 382 (i.e., 
the same lens turned backward such that first surface 384a of second acromatic lens 384 is 
equivalent to third surface 382c of first acromatic lens 382 and third surface 384c of second 
5 acromatic lens 384 is equivalent to first surface 382a of first acromatic lens 382). The 
surfaces 384a, 384b, and 384c of second acromatic lens 384 distribute the diverging light 
pattern onto the second aspherical lens 385. The second aspherical lens 385, which has a first 
surface 385a and a second surface 3^Sb, has the same configuration, but opposite orientation 
of the first aspherical lens 381. Surfaces 385a and 385b bend the light pattern to converge to 
10 form an inverted image on the second stage 200 that has a one-to-one correspondence to the 
object or matrix of pixels fi*om the first stage 100. The surfaces of relay lens system 380 are 
configured to work with the imagers 150R, 150B. 150G, 160R, 160B, 160G and 
COLORQUAD™ architecture to achieve the one-to-one correspondence of the pixels of first 
stage imagers 150R, 150B, 150G and the second imager 160R, 160B, 160G. A summary of 
15 the surfaces of an alternative exenqplary relay lens system 380 is provided in Table 3, and 

aspheric coefficients for surfaces 381a, 381b, 385a, and 385b are provided in Table 4. While 
red imagers 150R and 160R are shown, the relay lens system is the same for the blue and 
green imagers. Various modifications can be made to this alternative exemplary relay lens 
system 380 based on such factors as: cost, size, lunoinance levels, and other design factors. In 
20 alternative exemplary relay lens system 380, acromatic lenses 382 and 384 are equivalent and 
aspherical lenses 381 and 385 are equivalent. Therefore, fewer unique parts are required 
providing manufacturing efficiencies and reduced cost. 
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TABLE 3 (dimen^ons in inillimeters) 



Surface 


Type 


Radius 


Thickness 


Glass 


Diameter 


Conic 


150R 


Standard 


Infinity 


5 




20.4 


0 


120 


Standard 


Infinity 


22 


SF2 


35.6 


0 


120 


Standard 


Infinity 


2.01 


BK7 


35.6 


0 


120 


Standard 


Infinity 


27 


SF2 


43.42 


0 


120 


Standard 


Infinity 


3.39 


BK7 


43.42 


0 


120 


Standard 


Infinity 


15.35734 




34.44785 


0 


381a 


Evenasph 


5431735 


11.64581 


BAK2 


41.60527 


-.300586 


381b 


Evenasph 


-53.66137 


16.97665 




41.49939 


-2.189343 


382a 


Standard 


16.10644 


10.20515 


BAK2 


28.1681 


-0.03218522 


382b 


Standard 


51.12306 


4.214673 


SF15 


23.92413 


0 


382c 


Standard 


12.39113 


9.160193 




16.74992 


0.3226084 


STO 


Standard 


Infinity 


1.1 


BK7 


13.61922 


0 


383 


Standard 


Lxfinity 


9.160193 




14.0642 


0 


384a 


Standard 


-12.39113 


4.214673 


SF15 


16.74992 


0.3226084 


384b 


Standard 


-51.12306 


10.20515 


BAK2 


23.92413 


0 


384c 


Standard 


-16.10644 


16.97665 




28.16813 


-0.03218522 


385a 


Evenasph 


53.66137 


11.64581 


BAK2 


41.49939 


-2.189343 


385b 


Evenasph 


-54.31735 


15.35734 




41.60527 


-1.300586 


120 


Standard 


lafinity 


3.39 


BK7 


34.44785 


0 


120 


Standard 


bifinity 


27 


SF2 


43.42 


0 


120 


Standard 


Infinity 


2.01 


BK7 


43.42 


0 


120 


Standard 


InQnity 


22 


SF2 


35.6 


0 
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Svirface 


Type 


Radius 


Hiickness 


Glass 


Diameter 


Conic 


120 


Standard 


Infinity 


5 




35.6 


0 


160R 


Standard 


Infinity 






20.4 


0 



TABLE 4 



Coefficient 
on: 


Surface 381a: 
Evenasph 


Surface 381b: 
Evenasph 


Surface 385a: 
Evenasph 


Surface 385b: 
Evenasph 




7.2863779e-005 


6.50673176-005 


6.50673176-005 


7.28637796-005 




3.83429266-007 


3.7276989e-007 


3.7276989e-007 


3.8342926e-007 




-1.67158246-009 


-1.3168408&-009 


-1.31684086-009 


-1.67158246-009 




6.36S8429e-012 


2.828627e-012 


2.8286276-012 


6.3658429e-012 




-2.3418598e-015 


1.09540826-014 


1.09540826-014 


-2.34185986-015 




-2.1109997e-018 


-9.22675076-019 


-9.2267507&-019 


-2.11099976-018 




3.49758226-020 


-6.44279896-020 


-6.44279896-020 


3.49758226-020 




-1.20837716-022 


1.723144e-023 


1.723144e-Q23 


-1.20837716-022 



The ensquared energy and field curvature distortion were calculated for the alt^ative 
5 exemplary relay lens system 380 using ZEMAX^ software. As shown in Figure 6» at least 
about fifty percent (50%) of the light energy from a particular pixel on a first stage imager 
150R, 150B, 150G is focused onto a twelve micron square (e.g., the corresiranding pixel of a 
second stage imager 160R, 160B, 160G). As shown in Figure 7, the distortion due to field 
curvature of the alternative exemplary relay system 380 is less than about 0.5 percent. 
10 The foregoing illustrates some of the possibilities for practicing the invention. Many 

other embodiments are possible within the scope and spirit of the invention. For example, 
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while the forgoing description and die Figures are directed to an LCOS imager, a similar 
system using a digital light processing (DLP) imager is also contemplated within the scope of 
the invention. It is, therefore, intended that the foregoing description be regarded as 
illustrative rather than limiting, and that the scope of the invention is given by the appended 
5 claims together with their full range of equivalents. 



